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Amber House Green Lane Calcs for Start page no./Revision
Liver'pool TYPICAL STRIP FOUNDATION 1
L13 7GD Calcs by Calcs date Checked by Checked date Approved by Approved date
JS 28/03/2023 SR 28/03/2023
STRIP FOOTING ANALYSIS AND DESIGN (BS8110-1:1997)
Tedds calculation version 2.0.07

Strip footing details

W idth of strip footing

Depth of strip footing

Depth of soil over strip footing
Density of concrete

Load details
Load width
Load eccentricity

Soil details

Density of soil

Design shear strength
Design base friction
Allowable bearing pressure

Axial loading on strip footing
Dead axial load

Imposed axial load

Wind axial load

Total axial load

Foundation loads
Dead surcharge load
Imposed surcharge load
Strip footing self weight
Soil self weight

300

«

|« 150-»¢——300—p|e 150-»|

600

99.4 kN/m*

B =600 mm

h =300 mm

hsoi = 450 mm
peone = 23.6 KN/m?

b =300 mm
er =0 mm

psoil = 20.0 kKN/m?3
¢’ =25.0 deg

5 =19.3 deg
Pbearing = 100 kN/m?

Pe = 35.0 kN/m
Pa =15.0 kN/m
Pw = 0.0 kN/m
P =50.0 kN/m

Fasur = 0.000 kN/m?
Fasur = 0.000 kKN/m?

99.4 kN/m”*

Fswt = h x Pconc = 7.080 kN/m?
Fsoil = hsoil x psoil = 9.000 kN/m?
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Total foundation load

Calculate base reaction
Total base reaction
Eccentricity of base reaction in x

Calculate base pressures

Minimum base pressure
Maximum base pressure

Material details

Characteristic strength of concrete

Calculate base lengths
Left hand length
Right hand length

Calculate rate of change of base pressure

Length of base reaction
Rate of change of base pressure

F = B x (Fosur + Fasur + Fswt + Fsoil) = 9.6 KN/m

T=F+P=59.6 kN/m
er=(Pxer+M+Hxh)/T=0mm
Base reaction acts within middle third of base

q1=(T/B)x (1-6xer/B)=99.413 kN/m?2
q2=(T/B)x (1+6xer/B)=99.413 kN/m?2

gmin = mMin(q1, q2) = 99.413 kN/m?
gmax = max(q1, qz2) = 99.413 kN/m?
PASS - Maximum base pressure is less than allowable bearing pressure

fou = 30 N/mm?

BL=B/2+ep=300mm
BrR=B/2-er =300 mm

Bx=B =600 mm
Cx=(q1-qz2)/ Bx=0.000 kN/m?/m

Calculate minimum depth of unreinforced strip footing

Average pressure to left of strip footing

Minimum depth to left of strip foo

ting

Average pressure to right of strip footing

Minimum depth to right of strip fo

Minimum depth of unreinforced strip footing

oting

gL=q1-Cxx (BL-b/2)/2=99.413 kKN/m?

himin = (BL-b/2)xmax(0.15x[(qu/1 kN/m2)2/(feu/1 N/mm?2)]",1) = 150 mm

grR=q2+ Cxx (BrR-b/2)/2=99.413 kN/m?

hrmin = (Br-b/2)xmax(0.15x[(qr/1kN/m?2)?/(fo/1N/mm?2)]",1) = 150 mm

hmin = max(htmin, hRmin, 300 mm) = 300 mm

PASS - Unreinforced strip footing depth is greater than minimum
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PAD FOOTING ANALYSIS AND DESIGN (BS8110-1:1997)

Pad footing details

Length of pad footing

Width of pad footing

Area of pad footing

Depth of pad footing

Depth of soil over pad footing
Density of concrete

Column details
Column base length
Column base width
Column eccentricity in x
Column eccentricity in y

Soil details

Density of soil

Design shear strength
Design base friction
Allowable bearing pressure

Axial loading on column
Dead axial load on column
Imposed axial load on column
Wind axial load on column
Total axial load on column

Foundation loads
Dead surcharge load
Imposed surcharge load

|
|

«250-»]

«250-»]

<250

<250

«——————— 1000 p|

L=1000 mm

B =1000 mm
A=LxB=1.000 m?
h =300 mm
hsoi = 200 mm

Pconc = 23.6 kN/m3

la =500 mm
ba =500 mm
epxa = 0 mm
erya = 0 mm

psoil = 20.0 kN/m?
¢’ =25.0 deg

8 =19.3 deg
Pbearing = 100 kN/m?

Pca = 69.0 kN
Paa = 19.0 kN
Pwa = 0.0 kN
Pa = 88.0 kN

Fesur = 0.000 kN/m?2
Fasur = 0.000 kN/m?

Tedds calculation version 2.0.07
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Pad footing self weight
Soil self weight
Total foundation load

Calculate pad base reaction
Total base reaction

Eccentricity of base reaction in x
Eccentricity of base reaction in y

Check pad base reaction eccentricity

Calculate pad base pressures

Minimum base pressure
Maximum base pressure

99.1 kN/m*

Fswt = h x Pconc = 7.080 kN/m?
Fsoil = hsoil x Psoil = 4.000 kN/m?
F = A x (Fosur + Fasur + Fswt + Fsoil) = 11.1 kN

T=F+Pa=99.1kN
etx = (Pax epxa+ Mxa + Hxax h) /T =0mm
ety = (Pax epya+ Mya+ Hyax h)/T=0mm

abs(etx) /L + abs(ety) / B = 0.000
Base reaction acts within middle third of base

G =T/A-6xTxemn/(LxA)-6xTxer/(BxA)=99.080 kN/m?
Q2=T/A-6xTxen/(LxA)+6xTxer/(BxA)=99.080 kN/m?
Q=T/A+6xTxen/(LxA)-6xTxer/(BxA)=99.080 kN/m?
qe=T/A+6xTxen/(LxA)+6xTxer/(BxA)=99.080 kN/m?
gmin = Min(q1, g2, g3, g4) = 99.080 kN/m?
gmax = max(q1, gz, g3, q4) = 99.080 kN/m?

PASS - Maximum base pressure is less than allowable bearing pressure

99.1 kN/m”

99.1 kN/m*

Material details
Characteristic strength of concrete

Calculate pad lengths in x direction
Left hand length
Right hand length

99.1 kN/m”

fou = 30 N/mm?

LL=L/2+ epxa=500 mm
Lr=L/2-eprxa =500 mm

Calculate rate of change of base pressure in x direction

Length of base reaction

Lx=L=1000 mm
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Rate of change of base pressure

Calculate pad lengths in y direction
Top length
Bottom length

Cx = [(q1 + q2) - (3 + q4)] / (2 x Lx) = 0.000 kN/m2/m

Lr=B/2-epya=500 mm
Le=B/2+ epya=500 mm

Calculate rate of change of base pressure in y direction

Length of base reaction
Rate of change of base pressure

Ly=B =1000 mm
Cy=1[(g1 +qg3) - (g2 + q4)] / (2 x Ly) = 0.000 KN/m?/m

Calculate minimum depth of unreinforced pad footing

Average pressure to left of pad footing
Minimum depth to left of pad footing
Average pressure to right of pad footing
Minimum depth to right of pad footing
Average pressure to top of pad footing
Minimum depth to top of pad footing
Average pressure to bottom of pad footing
Minimum depth to bottom of pad footing
Minimum depth of unreinforced pad footing

qL=(q1+q2)/2-Cxx (LL-1a/2)/2=99.080 kN/m?
himin = (LL-1a/2)xmax(0.15x[(qL/1kN/m?)? /(fes/ IN/mm?)]"4,1) = 250 mm
gQr=(qa+Qq4)/2-Cxx (LrR-1a/2)/2 =99.080 kN/m?
hrmin = (Lr-1a/2)xmax(0.15x[(qr/TkN/m?)? /(feu/IN/mm?2)]"#,1) = 250 mm
qr=(q2+q4)/2-Cyx (LT-ba/2)/2=99.080 kN/m?
htmin = (LT-ba/2)xmax(0.15x[(qT/1kN/m?)? /(fes/ IN/mm?)]"4,1) = 250 mm
e =(q1+q3)/2-Cyx (L-ba/2)/2=99.080 kN/m?
hemin = (LB-ba/2)xmax(0.15x[(qs/1kN/m?)? /(feu/ IN/mm?2)]"4,1) = 250 mm
hmin = max(htmin, hrRmin, hTmin, hmin, 300 mm) = 300 mm

PASS - Unreinforced pad footing depth is greater than minimum
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STEEL BEAM ANALYSIS & DESIGN (BS5950)
In accordance with BS5950-1:2000 incorporating Corrigendum No.1
TEDDS calculation version 3.0.07
Load Envelope - Combination 1
30.275
0.0
mm | 8250 |
A 1 B
KNm Bending Moment Envelope
0.0
257.578 5578
mm | 8250 |
A 1 B

1249

124.886

0.0

Shear Force Envelope

-124.886

mm |

-1249
8250

A

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1

1st floor - Dead full UDL 1.5 kN/m

1st floor - Imposed full UDL 2.65 kN/m
Roof - Dead full UDL 2.65 kN/m

Roof - Imposed full UDL 1.5 kN/m

Wall (2leaves) - Dead full UDL 12 kN/m

Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60

Support A
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Support B Dead x 1.40

Analysis results

Maximum moment

Maximum moment span 1 segment 1
Maximum moment span 1 segment 2
Maximum shear

Maximum shear span 1 segment 1
Maximum shear span 1 segment 2
Deflection segment 3

Maximum reaction at support A

Mmax = 257.6 KNm
Ms1_seg1_max = 257.6 kKNm
Ms1_seg2_max = 257.6 kNm
Vmax = 124.9 kN
Vs1_segt_max = 124.9 kN
Vs1_seg2_max = 0 kKN

Smax = 10.5 mm

Ra_max = 124.9 kN

Imposed x 1.60

Mmin = 0 KNm
Ms1_seg1_min = 0 KNm
Ms1_seg2_min = 0 KNm
Vmin = =124.9 kN
Vs1_segt_min = 0 kKN
Vs1_seg2_min = =-124.9 kN
Smin = 0 mm

Ra_min = 124.9 kN

Unfactored dead load reaction at support A
Unfactored imposed load reaction at support A
Maximum reaction at support B

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

RA_pead = 69.6 kN
RA_Imposed = 17.1 kN
Re_max = 124.9 kN
RB_pDead = 69.6 kN
RB_imposed = 17.1 kN

RB_min =124.9 kN

Section details

Section type UC 254x254x73 (British Steel Section Range 2022 (BS4-1))
Steel grade S355

From table 9: Design strength py
Thickness of element max(T, t) = 14.2 mm
py = 355 N/mm?

E = 205000 N/mm?

Design strength
Modulus of elasticity

|
> 142

N

«—8.6

2541
v

> |e142
\
4

Yy

254.6 »

Lateral restraint
Span 1 has lateral restraint at supports plus midspan

Effective length factors

Effective length factor in major axis Kx =1.00

Effective length factor in minor axis Ky=1.00

Effective length factor for lateral-torsional buckling Kira =1.00
Kirs = 1.00
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Classification of cross sections - Section 3.5
e = V[275 N/mm?2/ py] = 0.88

Internal compression parts - Table 11

Depth of section d=185.7 mm

d/t=245%xe<=80x¢ Class 1 plastic
Outstand flanges - Table 11
Width of section b=B/2=127.3 mm

b/T=102xe<=15x¢ Class 3 semi-compact

Section is class 3 semi-compact

Shear capacity - Section 4.2.3

Design shear force Fv = max(abs(Vmax), abs(Vmin)) = 124.9 kN
d/t<70x¢
Web does not need to be checked for shear buckling
Shear area Av=tx D =2185 mm?
Design shear resistance Pv=10.6 x py x Av = 465.5 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity at span 1 segment 1 - Section 4.2.5

Design bending moment M = max(abs(Ms1_seg1_max), abs(Ms1_seg1_min)) = 257.6 kNm
Effective plastic modulus - Section 3.5.6

Limiting value for class 2 compact flange B2r=10 x ¢ = 8.801

Limiting value for class 3 semi-compact flange Bar=15x ¢ =13.202

Limiting value for class 2 compact web Baw =100 x ¢ = 88.014

Limiting value for class 3 semi-compact web Baw =120 x ¢ = 105.617

Effective plastic modulus - cl.3.5.6.2
Seft = Min(Zxx + (Sxx - Zxx) x min([((Baw / (d /1))2 - 1)/ ((Baw / Baw)? - 1)1, [(Bat/ (b / T) - 1) / (B3t / P2t - 1)]), Sxx) = 1008717 mm?

Moment capacity low shear - cl.4.2.5.2 Mc = min(py x Seff, 1.2 x py x Zxx) = 358.1 KNm
Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling Le = 1.0 x Lst_segt = 4125 mm
Slenderness ratio A =Le/ry=64.348

Equivalent slenderness - Section 4.3.6.7

Buckling parameter u=0.851

Torsional index x =16.290

Slenderness factor v=1/[1+0.05x(\/x)%%% =0.866
Ratio - ¢cl.4.3.6.9 Bw = Seff / Sxx = 0.995

Equivalent slenderness - cl.4.3.6.7 AT =U x Vv x A x V[pw] = 47.279
Limiting slenderness - Annex B.2.2 Ao = 0.4 x (n? x E / py)°® = 30.198

ALt > ALo - Allowance should be made for lateral-torsional buckling

Bending strength - Section 4.3.6.5

Robertson constant at=7.0
Perry factor nt = max(aLt x (ALt - Ao) / 1000, 0) = 0.120
Euler stress pe = 12 x E / ALt2 = 905.1 N/mm?

oLt = (py + (LT + 1) x pe) / 2 = 684.2 N/mm?
Bending strength - Annex B.2.1 pb = PE x Py / (LT + (oLT? - pE x py)°®) = 301.1 N/mm?
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Equivalent uniform moment factor - Section 4.3.6.6

Moment at quarter point of segment M2 = 112.7 kNm
Moment at centre-line of segment Mz =193.2 kNm
Moment at three quarter point of segment M4 = 241.5 kNm
Maximum moment in segment Mabs = 257.6 kNm

Maximum moment governing buckling resistance ~ Mit = Mabs = 257.6 kNm
Equivalent uniform moment factor for lateral-torsional buckling

mct = max(0.2 + (0.15 x M2+ 0.5 x M3 + 0.15 x M4) / Mabs, 0.44) = 0.781

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mb = pb x Seff = 303.7 kNm
Mb / miT = 388.7 KNm
PASS - Moment capacity exceeds design bending moment

Check vertical deflection - Section 2.5.2
Consider deflection due to imposed loads
Limiting deflection Sim = Ls1 /360 = 22.917 mm
Maximum deflection span 1 5 = max(abs(8max), abs(dmin)) = 10.487 mm

PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (BS5950)
In accordance with BS5950-1:2000 incorporating Corrigendum No.1
TEDDS calculation version 3.0.07
Load Envelope - Combination 1
43.038
0.0
mm | 2000 |
A 1 B
KNm Bending Moment Envelope
0.0
21.519 1S
mm | 2000 |
A 1 B

kN
43.038

43.0

Shear Force Envelope

2000 |

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1
roof - Dead full UDL 10.5 kN/m
roof - Imposed full UDL 5.5 kN/m
wall - Dead full UDL 13.5 kN/m

Support A Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60

Support B Dead x 1.40

Imposed x 1.60
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Analysis results
Maximum moment Mmax = 21.5 kNm Mmin = 0 KNm
Maximum shear Vmax = 43 kN Vmin = =43 kN
Deflection Smax = 0.1 mm Smin = 0 mm
Maximum reaction at support A RA_max = 43 kN Ra_min = 43 kN
Unfactored dead load reaction at support A RA_pead = 24.5 kN
Unfactored imposed load reaction at support A RA_imposed = 5.5 kN
Maximum reaction at support B RB_max = 43 kN Re_min = 43 kN

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Section details

Section type

Steel grade

From table 9: Design strength py
Thickness of element

Design strength

Modulus of elasticity

203.2-

Lateral restraint

Effective length factors
Effective length factor in major axis
Effective length factor in minor axis

ke

RB_pead = 24.5 kN
RB_Imposed = 5.5 kN

UC 203x203x46 (British Steel Section Range 2022 (BS4-1))

S355

max(T, t) = 11.0 mm
py = 355 N/mm?
E = 205000 N/mm?

N

203.6

Span 1 has lateral restraint at supports only

Kx=1.00
Ky=1.00

Effective length factor for lateral-torsional buckling Kit.a =1.00

Classification of cross sections - Section 3.5

Internal compression parts - Table 11

Depth of section

Kirs = 1.00

e = \[275 N/mm?2 / py] = 0.88

d =155.8 mm
d/t=246 xe<=80x¢

Class 1 plastic




.‘ Project Job no.
=~ TekIaOTeddS 10 LLOYD ROAD, PRESCOT, KNOWSLEY (L34 6LG) 2555
Shape Consulting Engineers —
Amber House Green Lane Calcs for Start page no./Revision
o STEEL BEAM B 3
Liverpool
L13 7GD Calcs by Calcs date Checked by Checked date Approved by Approved date
JS 28/03/2023 SR 28/03/2023
Outstand flanges - Table 11
Width of section b=B/2=101.8 mm
b/T=105xe<=15x¢ Class 3 semi-compact

Section is class 3 semi-compact

Shear capacity - Section 4.2.3

Design shear force Fv = max(abs(Vmax), abs(Vmin)) = 43 kN
d/t<70x¢
Web does not need to be checked for shear buckling
Shear area Av=tx D =1463 mm?
Design shear resistance Pv=0.6 x py x Av = 311.6 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5

Design bending moment M = max(abs(Mst_max), abs(Ms1_min)) = 21.5 kNm
Effective plastic modulus - Section 3.5.6

Limiting value for class 2 compact flange B2r=10 x ¢ = 8.801

Limiting value for class 3 semi-compact flange Bsr=15 x ¢ =13.202

Limiting value for class 2 compact web Baw =100 x ¢ = 88.014

Limiting value for class 3 semi-compact web Bsw =120 x ¢ = 105.617

Effective plastic modulus - cl.3.5.6.2
Seff = Min(Zxx + (Sxx - Zxx) x min([((Baw / (d / t))2 - 1)/ ((Baw / Baw)® - 1)], [(Bat/ (b / T) - 1)/ (B3t / B2t - 1)]), Sxx) = 494583 mm?

Moment capacity low shear - ¢cl.4.2.5.2 Mc = min(py x Seff, 1.2 x py x Zxx) = 175.6 KNm
Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling Le=1.0 x Ls1 =2000 mm
Slenderness ratio A =Le/ry=39.113

Equivalent slenderness - Section 4.3.6.7

Buckling parameter u = 0.847

Torsional index x =17.327

Slenderness factor v=1/[1+0.05x (A/x)4%°%° =0.945
Ratio - ¢l.4.3.6.9 Bw = Seff / Sxx = 0.986

Equivalent slenderness - cl.4.3.6.7 AT = U x Vv x A x V[pw] = 31.095
Limiting slenderness - Annex B.2.2 Ao = 0.4 x (72 x E / py)®>5 = 30.198

ALt > ALo - Allowance should be made for lateral-torsional buckling

Bending strength - Section 4.3.6.5

Robertson constant ot = 7.0
Perry factor Nt = max(owt x (ALt - Awo) / 1000, 0) = 0.006
Euler stress pe = 72 x E / ALt? = 2092.6 N/mm?
oLt = (py + (MLt + 1) x pe) / 2 = 1230.4 N/mm?
Bending strength - Annex B.2.1 pb = PE x py / (oLT + (P72 - PE % py)°5) = 352.3 N/mm?
Equivalent uniform moment factor - Section 4.3.6.6
Moment at quarter point of segment M2 = 16.1 kNm
Moment at centre-line of segment M3 = 21.5 kNm
Moment at three quarter point of segment M4 =16.1 kNm
Maximum moment in segment Mabs = 21.5 kNm

Maximum moment governing buckling resistance ~ M.t = Mabs = 21.5 KNm




AY¥ Tekla. Tedds

Shape Consulting Engineers
Amber House, Green Lane
Liverpool

L13 7GD

Project

10 LLOYD ROAD, PRESCOT, KNOWSLEY (L34 6LG)

Job no.

2555

Calcs for Start page no./Revision
STEEL BEAM B 4
Calcs by Calcs date Checked by Checked date Approved by Approved date
JS 28/03/2023 SR 28/03/2023

Equivalent uniform moment factor for lateral-torsional buckling
mct = max(0.2 + (0.15 x M2 + 0.5 x M3 + 0.15 x M4) / Mabs, 0.44) = 0.925

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment

Check vertical deflection - Section 2.5.2

Consider deflection due to imposed loads

Limiting deflection
Maximum deflection span 1

Mb = pb x Seff = 174.3 kNm

Mb / mLT = 188.4 KNm
PASS - Moment capacity exceeds design bending moment

Sim = Ls1/ 360 = 5.556 mm

8 = max(abs(dmax), abs(dmin)) = 0.121 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (BS5950)
In accordance with BS5950-1:2000 incorporating Corrigendum No.1
TEDDS calculation version 3.0.07
Load Envelope - Combination 1
39.015
0.0
mm | 2750 |
A 1 B
KNm Bending Moment Envelope
0.0
36.882 65
mm | 2750 |
A 1 B

kN
53.646

53.6

Shear Force Envelope

2750 |

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1
roof - Dead full UDL 9 kN/m
roof - Imposed full UDL 4.5 kN/m
wall - Dead full UDL 13.5 kN/m

Support A Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60

Support B Dead x 1.40

Imposed x 1.60
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Analysis results

Maximum moment Mmax = 36.9 KNm Mmin = 0 KNm

Maximum shear Vmax = 53.6 kN Vmin = -53.6 kN

Deflection dmax = 1.3 mm Smin = 0 mm

Maximum reaction at support A

Unfactored dead load reaction at support A
Unfactored imposed load reaction at support A

Maximum reaction at support B

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Section details
Section type
Steel grade

From table 9: Design strength py

Thickness of element
Design strength
Modulus of elasticity

Lateral restraint

Effective length factors

Ra_max = 53.6 kN
RA_pead = 31.2 kN
RA_Imposed = 6.2 kN
RB_max = 53.6 kN
RB_pead = 31.2 kN
RB_Imposed = 6.2 kN

Ra_min = 53.6 kN

RB_min = 53.6 kN

UC 152x152x23 (British Steel Section Range 2022 (BS4-1))

S355

max(T, t) = 6.8 mm
py = 355 N/mm?
E = 205000 N/mm?

o je6s

}1— 152.4—){

o fe6s

152.2

FYy

Effective length factor in major axis
Effective length factor in minor axis

Effective length factor for lateral-torsional buckling

Classification of cross sections - Section 3.5

Internal compression parts - Table 11

Depth of section

A

Span 1 has lateral restraint at supports only

Kx=1.00
Ky =1.00
Kita=1.00 +2 xD
Kite=1.00 +2 x D

¢ = \[275 N/mm? / py] = 0.88

d=123.6 mm
d/t=242xeg<=80x¢

Class 1 plastic
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Outstand flanges - Table 11
Width of section b=B/2=76.1mm
b/T=127 xe<=15x¢ Class 3 semi-compact

Section is class 3 semi-compact

Shear capacity - Section 4.2.3

Design shear force Fv = max(abs(Vmax), abs(Vmin)) = 53.6 kN
d/t<70x¢
Web does not need to be checked for shear buckling
Shear area Av=tx D =884 mm?
Design shear resistance Pv=0.6 x py x Av = 188.3 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5

Design bending moment M = max(abs(Mst_max), abs(Ms1_min)) = 36.9 kNm
Effective plastic modulus - Section 3.5.6

Limiting value for class 2 compact flange B2r=10 x ¢ = 8.801

Limiting value for class 3 semi-compact flange Bsr=15 x ¢ =13.202

Limiting value for class 2 compact web Baw =100 x ¢ = 88.014

Limiting value for class 3 semi-compact web Bsw =120 x ¢ = 105.617

Effective plastic modulus - cl.3.5.6.2
Seff = Min(Zxx + (Sxx - Zxx) x min([((Baw / (d / t))2 - 1)/ ((Baw / Paw)® - 1)], [(Bat/ (b / T) - 1)/ (B3t / B2t - 1)]), Sxx) = 170473 mm?

Moment capacity low shear - cl.4.2.5.2 Mc = min(py x Seff, 1.2 x py x Zxx) = 60.5 KNm
Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling LE=1.0xLst+2xD=3055mm
Slenderness ratio A =Le/ry=282.609

Equivalent slenderness - Section 4.3.6.7

Buckling parameter u =0.840

Torsional index x =20.701

Slenderness factor v=1/[1+0.05x (A/x)?%°% =0.864
Ratio - ¢l.4.3.6.9 Bw = Seff / Sxx = 0.937

Equivalent slenderness - cl.4.3.6.7 AT=UxV x A x V[pw] = 57.983
Limiting slenderness - Annex B.2.2 Ao = 0.4 x (72 x E / py)®>5 = 30.198

ALt > ALo - Allowance should be made for lateral-torsional buckling

Bending strength - Section 4.3.6.5

Robertson constant ot = 7.0
Perry factor Nt = max(owt x (ALt - Awo) / 1000, 0) = 0.194
Euler stress pe = 1 x E / ALt2 = 601.8 N/mm?
oLt = (py + (MLt + 1) x pe) / 2 = 536.9 N/mm?
Bending strength - Annex B.2.1 pb = PE x py / (oLT + (P72 - PE % py)°5) = 263.7 N/mm?
Equivalent uniform moment factor - Section 4.3.6.6
Moment at quarter point of segment Mz = 27.7 kNm
Moment at centre-line of segment M3 = 36.9 kNm
Moment at three quarter point of segment M4 = 27.7 kNm
Maximum moment in segment Mabs = 36.9 kNm

Maximum moment governing buckling resistance ~ M.t = Mabs = 36.9 KkNm
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Equivalent uniform moment factor for lateral-torsional buckling
mct = max(0.2 + (0.15 x M2 + 0.5 x M3 + 0.15 x M4) / Mabs, 0.44) = 0.925

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mb = pb x Seff = 45 kNm
Mb / mLt = 48.6 KNm
PASS - Buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 2.5.2
Consider deflection due to imposed loads
Limiting deflection Sim = Ls1 /360 = 7.639 mm
Maximum deflection span 1 8 = max(abs(dmax), abs(8min)) = 1.308 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (BS5950)
In accordance with BS5950-1:2000 incorporating Corrigendum No.1
TEDDS calculation version 3.0.07
Load Envelope - Combination 1
32615
0.0
mm | 3250 |
A 1 B
KNm Bending Moment Envelope
0.0
43.062 e
mm | 3250 |
A 1 B

kN
53.000

53.0

Shear Force Envelope

3250 |

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1
roof - Dead full UDL 8 kN/m
roof - Imposed full UDL 4 kN/m
wall - Dead full UDL 10.5 kN/m

Support A Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60

Support B Dead x 1.40

Imposed x 1.60
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Analysis results

Maximum moment Mmax = 43.1 kNm Mmin = 0 kNm

Maximum shear Vmax = 53 kN Vmin = =53 kN

Deflection Smax = 2.3 mm Smin = 0 mm

Maximum reaction at support A Ra_max = 53 kN Ra_min = 53 kN

Unfactored dead load reaction at support A RA_pead = 30.4 kN

Unfactored imposed load reaction at support A RA_imposed = 6.5 kN

Maximum reaction at support B Re_max = 53 kN Re_min = 53 kN

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Section details
Section type
Steel grade

From table 9: Design strength py

Thickness of element
Design strength
Modulus of elasticity

Lateral restraint

Effective length factors

RB_pead = 30.4 kN
RB_Imposed = 6.5 kN

UC 152x152x23 (British Steel Section Range 2022 (BS4-1))

S355

max(T, t) = 6.8 mm
py = 355 N/mm?
E = 205000 N/mm?

o je6s

}1— 152.4—){

o fe6s

152.2

FYy

Effective length factor in major axis
Effective length factor in minor axis

Effective length factor for lateral-torsional buckling

Classification of cross sections - Section 3.5

Internal compression parts - Table 11

Depth of section

A

Span 1 has lateral restraint at supports only

Kx=1.00
Ky =1.00
Kita=1.00 +2 xD
Kite=1.00 +2 x D

¢ = \[275 N/mm? / py] = 0.88

d=123.6 mm
d/t=242xeg<=80x¢

Class 1 plastic
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Outstand flanges - Table 11
Width of section b=B/2=76.1mm
b/T=127 xe<=15x¢ Class 3 semi-compact

Section is class 3 semi-compact

Shear capacity - Section 4.2.3

Design shear force Fv = max(abs(Vmax), abs(Vmin)) = 53 kN
d/t<70x¢
Web does not need to be checked for shear buckling
Shear area Av=tx D =884 mm?
Design shear resistance Pv=0.6 x py x Av = 188.3 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5

Design bending moment M = max(abs(Mst_max), abs(Ms1_min)) = 43.1 kNm
Effective plastic modulus - Section 3.5.6

Limiting value for class 2 compact flange B2r=10 x ¢ = 8.801

Limiting value for class 3 semi-compact flange Bsr=15 x ¢ =13.202

Limiting value for class 2 compact web Baw =100 x ¢ = 88.014

Limiting value for class 3 semi-compact web Bsw =120 x ¢ = 105.617

Effective plastic modulus - cl.3.5.6.2
Seff = Min(Zxx + (Sxx - Zxx) x min([((Baw / (d / t))2 - 1)/ ((Baw / Paw)® - 1)], [(Bat/ (b / T) - 1)/ (B3t / B2t - 1)]), Sxx) = 170473 mm?

Moment capacity low shear - cl.4.2.5.2 Mc = min(py x Seff, 1.2 x py x Zxx) = 60.5 KNm
Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling LE=1.0xLs1 +2 x D =3555mm
Slenderness ratio A =Le/ry=96.130

Equivalent slenderness - Section 4.3.6.7

Buckling parameter u =0.840

Torsional index x =20.701

Slenderness factor v=1/[1+0.05x (A/x)4°%=0.833
Ratio - ¢l.4.3.6.9 Bw = Seff / Sxx = 0.937

Equivalent slenderness - cl.4.3.6.7 AT =UxV x A x V[pw] = 65.058
Limiting slenderness - Annex B.2.2 Ao = 0.4 x (72 x E / py)®>5 = 30.198

ALt > ALo - Allowance should be made for lateral-torsional buckling

Bending strength - Section 4.3.6.5

Robertson constant ot = 7.0
Perry factor Nt = max(owt x (ALt - Awo) / 1000, 0) = 0.244
Euler stress pe = 1 x E / ALt? = 478 N/mm?
oLt = (py + (MLt + 1) x pe) / 2 = 474.8 N/mm?
Bending strength - Annex B.2.1 pb = PE x py / (oLT + (P72 - PE % py)°5) = 238.7 N/mm?
Equivalent uniform moment factor - Section 4.3.6.6
Moment at quarter point of segment Mz = 32.3 kNm
Moment at centre-line of segment M3 = 43.1 kNm
Moment at three quarter point of segment M4 = 32.3 kNm
Maximum moment in segment Mabs = 43.1 kNm

Maximum moment governing buckling resistance ~ M.t = Mabs = 43.1 KNm
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Equivalent uniform moment factor for lateral-torsional buckling
mct = max(0.2 + (0.15 x M2 + 0.5 x M3 + 0.15 x M4) / Mabs, 0.44) = 0.925

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mb = pb x Seff = 40.7 KNm
Mb / miT = 44 KNm
PASS - Buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 2.5.2
Consider deflection due to imposed loads
Limiting deflection Sim = Ls1 /360 = 9.028 mm
Maximum deflection span 1 8 = max(abs(dmax), abs(8min)) = 2.268 mm
PASS - Maximum deflection does not exceed deflection limit
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MASONRY BEARING DESIGN TO BS5628-1:2005

Masonry details

Masonry type

Compressive strength of unit

Mortar designation

Least horizontal dimension of masonry units
Height of masonry units

Category of masonry units

Category of construction control

Partial safety factor for material strength
Thickness of load bearing leaf

Effective thickness of masonry wall
Height of masonry wall

Effective height of masonry wall

Spreader

Bearing details

Beam spanning out of plane of wall
Width of bearing

Length of bearing

Edge distance

Compressive strength from Table 2 BS5628:Part
Mortar designation

Block compressive strength

Characteristic compressive strength (Table 2c)
Characteristic compressive strength (Table 2d)
Height of solid block

Least horizontal dimension

TEDDS calculation version 1.0.08

Aggregate concrete blocks (25% or less formed voids)
punit = 20.0 N/mm?

iii

lunit =100 mm

hunit = 215 mm
Category ll
Normal

ym = 3.5
t=100 mm

ter =133 mm
h =2400 mm
hef = 2400 mm

Beam to span out of plane of wall

B =100 mm
lb =100 mm
Xedge = 500 mm

1 - aggregate concrete blocks (25% or less formed voids)
Mortar = "iii"

punit = 20.0 N/mm?
fkc = 5.55 N/mm?
fka = 11.05 N/mm?
hunit =215.0 mm

lunit = 100.0 mm
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Block ratio ratio = hunit / lunit = 2.2
Ratio between 0.6 and 4.5 - OK
Characteristic compressive strength fc = 11.05 N/mm?

Loading details

Characteristic concentrated dead load Gk = 50 kN

Characteristic concentrated imposed load Qk = 35 kN

Design concentrated load F=(Gkx1.4)+ (Qkx 1.6)=126.0 kN
Characteristic distributed dead load gk = 0.0 kN/m

Characteristic distributed imposed load gk = 0.0 kN/m

Design distributed load f=(gkx 1.4)+ (gx x 1.6) = 0.0 kN/m
Masonry bearing type

Bearing type Type 2

Bearing safety factor ybear = 1.50

Check design bearing without a spreader

Design bearing stress fea=F /(B xlb)+f/t=12.600 N/mm?
Allowable bearing stress fep = ybear x fk / ym = 4.736 N/mm?

FAIL - Design bearing stress exceeds allowable bearing stress, use a spreader

Spreader details

Length of spreader Is =400 mm
Depth of spreader hs =215 mm
Edge distance Sedge = max(0 mm, Xedge — (Is - B) / 2) = 350 mm

Spreader bearing type
Bearing type Type 2
Bearing safety factor ybear = 1.50
Check design bearing with a spreader
Loading acts at midpoint of spreader
Design bearing stress fea=F /(lsxt)+f/t=3.150 N/mm?2
Allowable bearing stress fep = ybear x fk / ym = 4.736 N/mm?
PASS - Allowable bearing stress exceeds design bearing stress

Check design bearing at 0.4 x h below the bearing level

Slenderness ratio hef / tet = 18.05

Eccentricity at top of wall ex=16.7 mm

From BS5628:1 Table 7

Capacity reduction factor B =0.61

Length of bearing distributed at 0.4 x h la = 1560 mm

Maximum bearing stress fea=F /(laxt)+f/t=0.808 N/mm?
Allowable bearing stress fop = B x fk / ym = 1.940 N/mm?

PASS - Allowable bearing stress at 0.4 x h below bearing level exceeds design bearing stress
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MASONRY BEARING DESIGN TO BS5628-1:2005

Masonry details

Masonry type

Compressive strength of unit
Mortar designation

TEDDS calculation version 1.0.08

Aggregate concrete blocks (25% or less formed voids)

punit = 20.0 N/mm?
iii

Least horizontal dimension of masonry units lunit = 100 mm
Height of masonry units hunit = 215 mm
Category of masonry units Category Il
Category of construction control Normal
Partial safety factor for material strength ym = 3.5
Thickness of load bearing leaf t=100 mm
Effective thickness of masonry wall tef =133 mm
Height of masonry wall h =2400 mm
Effective height of masonry wall her = 2400 mm

Bearing details

Beam spanning in plane of wa
Width of bearing

Length of bearing

Beam to span in plane of wall I

B =100 mm
Ib =200 mm

Compressive strength from Table 2 BS5628:Part 1 - aggregate concrete blocks (25% or less formed voids)

Mortar designation

Block compressive strength
Characteristic compressive str
Characteristic compressive str
Height of solid block

Least horizontal dimension
Block ratio

Mortar = "iii

punit = 20.0 N/mm?
ength (Table 2¢) fke = 5.55 N/mm?
ength (Table 2d) fa = 11.05 N/mm?

hunit = 215.0 mm

lunit = 100.0 mm

ratio = hunit / lunit = 2.2
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Characteristic compressive strength

Loading details

Characteristic concentrated dead load
Characteristic concentrated imposed load
Design concentrated load

Characteristic distributed dead load
Characteristic distributed imposed load
Design distributed load

Masonry bearing type
Bearing type
Bearing safety factor

Check design bearing without a spreader

Design bearing stress
Allowable bearing stress

fc = 11.05 N/mm?

Gk =50 kN
Qk =15 kN

Ratio between 0.6 and 4.5 - OK

F=(Gkx1.4)+ (Qkx 1.6)=94.0 kN
gk = 0.0 kN/m
gk = 0.0 kN/m
f=(gkx 1.4)+ (qk x 1.6) = 0.0 kN/m

Type 2

Ybear = 1.50

fea=F /(B x o)+ f/t=4.700 N/mm?
fcp = Ybear X f / Ym = 4.736 N/mm?
PASS - Allowable bearing stress exceeds design bearing stress

Check design bearing at 0.4 x h below the bearing level
het / tet = 18.05

Slenderness ratio

Eccentricity at top of wall

From BS5628:1 Table 7

Capacity reduction factor

Length of bearing distributed at 0.4 x h
Maximum bearing stress

Allowable bearing stress

ex=0.0 mm

B =0.83

la =1160 mm
fea=F /(laxt)+f/t=0.810 N/mm?
foo = B x fk / ym = 2.635 N/mm?

PASS - Allowable bearing stress at 0.4 x h below bearing level exceeds design bearing stress
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TIMBER JOIST DESIGN (BS5268-2:2002)
Tedds calculation version 1.1.04
Joist details
Joist breadth b =44 mm
Joist depth h =170 mm
Joist spacing s =450 mm
Timber strength class c16
Service class of timber 1
mmT 2750 T
A 1 B
Span details
Number of spans Nspan = 1
Length of bearing Lo =100 mm
Effective length of span Lst = 2750 mm

170

<aan

Section properties
Second moment of area
Section modulus

Loading details

Joist self weight

Dead load

Imposed UDL(Long term)
Imposed point load (Medium term)

Modification factors

Service class for bending parallel to grain
Service class for compression

Service class for shear parallel to grain
Service class for modulus of elasticity

Z =

l«—100—»]

bxh3/12=18014333 mm*
bxh?2/6=211933 mm?®

Fswt=b x h x pchar X Qacc = 0.02 KN/m
Fa_ud = 0.75 kN/m?
Fi_uai = 1.50 kN/m?

Fi_pt =1.40 kN
Kam = 1.00
K2c = 1.00
K2s = 1.00
K2e = 1.00




AY¥ Tekla. Tedds

Shape Consulting Engineers

Amber House, Green Lane

Project

10 LLOYD ROAD, PRESCOT, KNOWSLEY (L34 6LG)

Job no.

2555

Calcs for

Start page no./Revision

Liverpool 1st FLOOR TIMBER JOISTS 2
L13 7GD Calcs by Calcs date Checked by Checked date Approved by Approved date
JS 28/03/2023 SR 28/03/2023

Section depth factor Kz =1.06

Load sharing factor Ks=1.10

Consider long term loads

Load duration factor Kz =1.00

Maximum bending moment M = 0.979 kNm

Maximum shear force V =1.423 kN

Maximum support reaction R =1.423 kN

Maximum deflection 5§ =5.149 mm

Check bending stress
Bending stress
Permissible bending stress
Applied bending stress

Check shear stress
Shear stress
Permissible shear stress

Applied shear stress

Check bearing stress

Compression perpendicular to grain (no wane)

Permissible bearing stress
Applied bearing stress

Check deflection
Permissible deflection

Bending deflection (based on Emean)

Shear deflection
Total deflection

Consider medium term loads

Load duration factor
Maximum bending moment
Maximum shear force
Maximum support reaction
Maximum deflection

Check bending stress
Bending stress
Permissible bending stress
Applied bending stress

Check shear stress
Shear stress
Permissible shear stress

Applied shear stress

om = 5.300 N/mm?

om_adm = om x Kam x K3 x K7 x K& = 6.206 N/mm?

Om_max = M/Z=4.618 N/mm?

PASS - Applied bending stress within permissible limits

7 =0.670 N/mm?
Tadm = T x K2s x K3 x Kg = 0.737 N/mm?
tmax =3 x V /(2 x b x h) =0.285 N/mm?

PASS - Applied shear stress within permissible limits

Ocpl = 2.200 N/mm2

Ge_adm = Gopt x Kac x K3 x Kg = 2.420 N/mm?

cc_max = R/ (b X Lb) = 0.324 N/mm?

PASS - Applied bearing stress within permissible limits

8adm = min(Ls1 x 0.003, 14 mm) = 8.250 mm

6bending =4.863 mm
Sshear = 0.285 mm
8 = 8bending + Sshear = 5.149 mm

PASS - Actual deflection within permissible limits

Ks =1.25

M =1.303 kNm
V =1.895 kN
R =1.895 kN

5 =5.899 mm

om = 5.300 N/mm?

6m_adm = om x Kom x K3 x K7 x Kg = 7.757 N/mm?

Om_max = M/Z=6.148 N/mm2

PASS - Applied bending stress within permissible limits

1 =0.670 N/mm?
Tadm = T x K2s x K3 x Kg = 0.921 N/mm?
tmax =3 x V /(2 x b x h) =0.380 N/mm?
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Check bearing stress

Compression perpendicular to grain (no wane)
Permissible bearing stress

Applied bearing stress

Check deflection

Permissible deflection

Bending deflection (based on Emean)
Shear deflection

Total deflection

PASS - Applied shear stress within permissible limits

Gcpl = 2.200 N/mm?

Gc_adm = Gept x Kac x K3 x Kg = 3.025 N/mm?

Gomax = R / (b x Lb) = 0.431 N/mm?

8adm = min(Lst1 x 0.003, 14 mm) = 8.250 mm

Sbending = 5.519 mm
Sshear = 0.380 mm

8 = Sbending + dshear = 5.899 mm
PASS - Actual deflection within permissible limits

PASS - Applied bearing stress within permissible limits
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